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The Newton’s constant have observational effects on both the CMB power spectra and the light
curves of SNIa. We use the Planck data, BAO data and the SNIa measurement to constrain the
Newton’s constant G during the CMB epoch and the redshift ranges of PANTHEON samples, and
find no evidence indicating that G is varying with redshift. By extending the ΛCDM model with
a free parameter G, we get H0 = 70.54 ± 0.95 km s−1 Mpc−1 at 68% C.L. and alleviate the H0
tension between R19 and Planck+BAO data slightly, to 2σ.
I. INTRODUCTION
The Newton’s gravitational constant is treated as a constant both in the Newton’s gravitational theory and the
general relativity. Over one hundred years after Newton proposed its definition, Henry Cavendish measured the
value of G = 6.754 ± 0.041 × 10 N · m2/kg2 with the torsion scale experiment. Since then, kinds of methods are
attempted to determine the Newton’s constant more precisely. In 2019, the Committee on Data for Science and
Technology (CODATA) gives its recommended value of G = 6.67430×10−11 m3kg−1s−2 (named CODATA 2018) and
the standard uncertainty is 1.5×10−15 m3kg−1s−2, which means 2.2×10−5 relative uncertainty. In the laboratory, cold
atom interferometry is also used to detect the Newton’s constant [1]. In cosmology, the cosmic microwave background
(CMB) [2–4], big bang nucleosynthesis (BBN) [5, 6], the type Ia supernovae (SNIa) [7–9] and gravitational waves [8, 10]
can provide different measurements of the Newton’s constant at corresponding epochs of our universe. Obviously,
there is a problem whether the Newton’s constant is always a constant really or not. Theoretically, it is acceptable to
be both time- or space-dependent in some theories of modified gravity. For example, the scalar-tensor theories predict
a time-dependent G. The cosmological observation provides a method to study the Newton’s constant varying with
redshift.
Any change in the Newton’s constant have influence on the expansion history of our universe, especially at the
redshift of recombination, which leaving a footprint on the CMB power spectra. Combing the precise observation
of Planck collaboration [11], the Newton’s constant during the CMB epoch can be restricted. SNIa measurement,
as the standard candles, are usually used to study the accelerated expansion, too. The Newton’s constant affects
its peak luminosity through the Chandrasekhar mass by MCh ∝ G−3/2 mostly. The latest SINa data, PANTHEON
samples [12], detected the light curves of 1048 SNIa covering the redshift range 0 < z < 2.3 and provides a way to
limit the Newton’s constant at the low redshift. Therefore, we constrain the varying Newton’s constant with the CMB
power spectra and the SNIa peak luminosity and probe its dynamics.
Besides, the Hubble constant H0 indicates the expansion of the universe directly. Plank collaboration claimed
H0 = 67.4± 0.5 km s−1 Mpc−1 after its final data release [11]. However, the Hubble Space Telescope (HST) yielded
the best estimate as H0 = 74.03± 1.42 km s−1 Mpc−1 (named R19), which is 4.4σ different from Planck [13]. Owing
to the effect of the Newton’s constant on the Hubble parameter H(z), we expect a solution of H0 tension by modifying
G. Rencetly, [14] has discussed the varying G in the scalar-tensor theory of gravity, which influences the expansion
history of our universe before recombination epoch . They gave the result of H0 = 69.2
+0.62
−0.75 km s
−1 Mpc−1. And [15]
also finds a larger value for H0 by an evolving gravitational constant. In this paper, we set the Newton’s constant G
as a free parameter in the base ΛCDM model, leading to a change of the radiation energy density contribution to the
expansion rate. Note that G doesn’t evolve with redshift here.
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2This paper is organized as follows. In section II A, we rescale the Newton’s constant by introducing λ2 and
sketch out its influence on the CMB power spectra. In section II B, the effect of the Newton’s constant on the peak
luminosity of SNIa is presented. We turn to the 2019 July version of the Markov Chain Monte Carlo (MCMC) package
CosmoMC [16] and utilize the CMB data, BAO data and the SNIa measurement to constrain the varying Newton’s
constant and the CMB data, BAO data and R19 to solve the Hubble tension. We show our results in section III.
Finally, a brief summary and discussion are included in section IV.
II. EFFECTS OF NEWTON’S GRAVITATIONAL CONSTANT ON COSMOLOGICAL OBSERVATIONS
To weigh the effects of the Newton’s gravitational constant on some cosmological observations, we rescale GN =
6.6738 × 10−11 m3kg−1s−2 with several dimensionless parameter λi, i = 0, 1, 2,then the new definition of Newton’s
constant is
G =

λ20GN , for z < 0.1;
λ21GN , for 0.1 ≤ z < 2.3;
λ22GN , for 2.3 ≤ z.
(1)
Then the Friedmann equation is
H2 =
(
a˙
a
)2
=

8pi
3
a2λ20GNρ, for z < 0.1;
8pi
3
a2λ21GNρ, for 0.1 ≤ z < 2.3;
8pi
3
a2λ22GNρ, for 2.3 ≤ z,
(2)
where H is the Hubble rate , a is the scale factor, ρ is the total energy density in the universe and overdot means the
differentiation over the conformal time τ . When we rescale τ as
dτ → λidτ = λidt
a
=
da
a2
√
8pi/3GNρ
, (3)
the integrand of cosmic distances are independent of λi. Therefore, we cannot use the cosmic distances only, like the
BAO measurements with Eisenstein’s baryon drag epoch zd [17], to constrain the Newton’s gravitational constant,
but we can turn to other non-gravity interaction to constrain G.
A. Effects of Newton’s Gravitational Constant on CMB during the Recombination
To the first order, the Boltzmann equations of the baryons and photons in the conformal Newtonian gauge reads
δ˙γ = −4
3
θγ + 4φ˙ ,
θ˙γ =
1
4
k2δγ + k
2ψ + aneσT (θb − θγ) ,
δ˙b = −θb + 3φ˙ ,
θ˙b = − a˙
a
θb + c
2
sk
2δb +
4ρ¯γ
3ρ¯b
aneσT (θγ − θb) + k2ψ ,
(4)
where δ = δρ/ρ¯ is the density fluctuation, θ is the velocity perturbation for a given mode k, φ and ψ represent the
scalar mode of metric perturbations, σT is the cross-section of Thomson scattering, n is the number density and
(c2s)
−1 = 3
(
1 +
3ρ
(0)
b
4ρ
(0)
γ
)
is the sound speed of baryons. The subscript e represents electrons, γ is photons and b means
baryons. If the two Thomson scattering terms in Eq. (4) are ignored, the replacement of τ by λiτ must accompanies
a replacement of k by k/λi for keeping Eq. (4) (or CMB observations) unchanged. Therefore, the transformation of
τ → λiτ also cannot be observed through perturbations because the transformation of k → k/λi can be compensated
3by adjusting the scalar spectral index ns appropriately. Fortunately, there are Coulomb interaction. So the only way
that λi influences the CMB anisotropy spectrum is affecting the number of free electrons ne during the recombination
epoch, hence the ionization fraction xe = ne/nH = xp + xHeII during the same epoch. According to [18], the modified
evolution of xp and xHeII can be obtained by solving the following ordinary differential equations (ODEs)
dxp
dz
=
f1(xe, xp, nH, TM)
H(λ2, z)(1 + z)
, (5)
dxHeII
dz
=
f2(xe, xHeII, nH, TM)
H(λ2, z)(1 + z)
, (6)
dTM
dz
=
f3(xe, TM, TR)
H(λ2, z)(1 + z)
+
2TM
(1 + z)
, (7)
where nH is the total number density of H nuclei, TM (or TR) is the matter (or radiation) temperature, the specific
expressions of f1, f2 and f3 are given in [18]. From above ODEs, we can find that xe evolves slower for λ2 > 1, hence
a latter photo-decoupling time z∗ and baryon drag epoch zd. Therefore, we can use the data combination of CMB
and BAO measurements to constrain λ2.
B. Effects of Newton’s Gravitational Constant on the SNIa
Since the effects of λ2 on CMB is confined to ne during the recombination epoch, there is a possibility that the
deviation of Newton’s constant from GN is not equal to λ2 at other different epoch. Therefore, it’s necessary to
introduce a new parameter to quantify the potential deviation from GN after the recombination epoch, especially if
the constraints on the deviation are not from CMB observations.
The Newton’s constant influences the light curve of SNIa via the Chandrasekhar mass MCh ∝ G−3/2 mainly. If
the Newton’s constant G increases, the peak luminosity of light curve L raises and its width drops. In this section,
we introduce a new parameter λ′1 = L/L0 to quantify the deviation of L from L0 resulting from the deviation of G
from GN . Fig. 1 shows L as a function of G [7, 8], from which we can derived λ0 or λ1 for any given λ
′
1. The peak
luminosity L is proportional to the varying Newton’s constant G almost linearly. As a result, the derivation of λ′1 from
1 is nearly equivalent to the difference between G and GN . If we use the final redshifts, corrected magnitudes µ+MB
and the host galaxy mass Mhost of PANTHEON samples [12] to constrain cosmological parameters, the combination
of µ+MB can be related to λ
′
1 as
µ+MB = 5 log10
[ dL
Mpc
]
+ 25 +M1B − 2.5 log10 λ′1 + ∆M
= 5 log10
[ dL
Mpc
]
+ 25 +M − 2.5 log10
[
λ′1L0/L
]
+ ∆M (8)
and ∆M is related to Mhost,
∆M =
{
0, for Mhost < 10
10M,
−0.08mag, for Mhost ≥ 1010M. (9)
Due to the degeneracy between λ′1 and L0 (or M
1
B), we ignore the term of −2.5 log10 λ′1 for z < 0.1 and use samples
at this redshift span to constrain L0 (or M
1
B). Then samples from z > 0.1 will be used to constrain λ
′
1.
III. RESULTS
Firstly, we consider an extension of ΛCDM model with another two free parameters λ′1 (or λ1) and λ2 to probe
the dynamics of G. Based on the previous discussion, λ′1 and λ2 are used to measure the varying Newton’s constant
G during the period of SNIa measurement (z ∼ 0.1 − 2.3) and the recombination epoch (z ∼ 1100) respectively.
Therefore, we use the data combination of the latest CMB data released by the Planck collaboration in 2018, Planck
2018 TT,TE,EE+lowE+lensing [11], the BAO data including MGS [19], 6DF [20] and DR12 [21] and the PANTHEON
sample consisting of 1048 SNIa measurements. The results are summarized in the first column of Tab.I. λ2 is
0.971+0.043−0.047 and λ
′
1 is 1.003±0.015 at 68% C.L.. According to Fig. 1, it indicates that the Newton’s constant G = GN
is still acceptable both during the recombination epoch and in the late-time universe till now. Moreover, there is no
4FIG. 1: L as a function of G.
TABLE I: The 68% limits for the cosmological parameters in two models for different purpose. Notice that λ1(λ
′
1) indicates λ1
is a function of λ′1.
Probing the dynamics of G
with CMB, BAO and SNIa
Solving the H0 tension with
CMB, BAO and R19
Ωbh
2 0.02236± 0.00016 0.02413± 0.00062
Ωch
2 0.1197± 0.0010 0.1260+0.0032−0.0031
100θMC 1.04195
+0.00143
−0.00144 1.03656± 0.00179
τre 0.055± 0.007 0.060+0.007−0.008
ln(1010As) 3.043± 0.015 3.060+0.015−0.016
ns 0.9629± 0.0064 0.9791+0.0050−0.0051
H0 [km s
−1 Mpc−1] 67.78± 0.48 70.54± 0.95
λ0 1 1.030± 0.011
λ1 λ1(λ
′
1 = 1.003± 0.015) 1.030± 0.011
λ2 0.971
+0.043
−0.047 1.030± 0.011
M1B −19.363± 0.020 -
evidence indicating the dynamic property of the Newton’s constant. The Hubble constant H0 reads 67.78± 0.48 km
s−1 Mpc−1 at 68% C.L., which is in agreement with the result 67.4 ± 0.5 km s−1 Mpc−1 of Planck 2018. The 68%
limits for M1B is −19.363± 0.020 mag, which is smaller than the previous constraint −19.13± 0.01 [8]. The triangular
plot of λ′1,M
1
B , λ2, H0, θMC and ns is also shown in Fig.2. λ
′
1 has positive correlation with M
1
B as shown in Eq. (8),
but it’s almost independent of other parameters. By comparison, λ2 is much more complicated. It has strong and
negative relationship with θMC and H0 due to its affect on z∗. The correlation between λ2 and ns results from the
transformation of k → k/λ2.
Then, we try to solve the Hubble tension with a varying Newton’s constant by consider an simple extension of ΛCDM
model with another one free parameter λ0 = λ1 = λ2. To solve the Hubble tension, we use the data combination of
Planck 2018 TT,TE,EE+lowE+lensing, the BAO data (6DF, MGS and DR12) and R19. The results are shown in the
second column of Tab.I: λi = 1.030±0.011 and H0 = 70.54±0.95 km s−1 Mpc−1 at 68% C.L. Our results indicate that
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FIG. 2: The constraints on λ′1, λ2 and M
1
B from the data combination of CMB, BAO and SNIa. Also we present the constraints
on ns H0 and θMC which are affected most by the former three parameters.
the Newton’s constant G = (7.08023+0.15204−0.15042)× 10−11m3kg−1s−2 at 68%, which has a tension of 2.7σ form the value
of CODATA 2018. If both results are correct, this tension means the Newton’s constant is space-dependent. Since
the Hubble constant H0 is proportional to λi, the magnification of the Newton’s constant increases the expansion of
the universe, leading to a high value of the Hubble constant H0. We find that this effect relaxes the H0 tension with
R19 to 2σ, but can’t solve the problem fundamentally.
6IV. SUMMARY AND DISCUSSION
In this paper, we investigate how the Newton’s constant influences the CMB power spectra and the light curve of
SINa. So the CMB data and the SINa measurement can put a constraint on the Newton’s constant. Combining the
Planck data released in 2018, the BAO data and the PANTHEON samples, we run CosmoMC with a varying G in
the recombination epoch and the redshift ranges of SINa measurement. G = GN is located in the 0.68% C.L. ranges
of the two periods. We find no evidence of the dynamic property of the Newton’s constant.
In addition, considering the effect of the Newton’s constant on the expansion history of our universe, we
have a try to solve the H0 tension by freeing G based on the ΛCDM model. Adopting the Planck 2018
TT,TE,EE+lowE+lensing+R19+BAO, we obtain λi = 1.030 ± 0.011 and H0 = 70.54 ± 0.95 km s−1 Mpc−1 at
68% C.L.. With this method, the H0 tension is relaxed but not solved throughly. Our results show that the Newton’s
constant from the model with a slight H0 tension have a discrepancy with the value given by CODATA 2018 at
2.7σ. The difference between the cosmological measurement and the ground-based experiment may result from a
space-dependent Newton’s constant.
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